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1. Introduction
Ginseng is one of the most widely used herbal med-
icines in the world. Its benefits to general health 
include positive effects on the endocrine, cardio-
vascular, immune, and central nervous systems, and 
prevention of fatigue, oxidative damage, mutagenic-
ity, and cancer [1−4]. Most of the pharmacological 
actions of ginseng are attributed to ginsenosides, 
which are triterpenoid saponins [5,6]. The physio-
logical benefits and medicinal effects of the various 
ginsenosides differ and can even be oppositional [7]. 
Cultivated ginseng currently accounts for most of 
the ginseng on the market.
Mountain wild ginseng grows in natural environ-
ments in the mountains, and mountain cultivated 
ginseng, which is grown in forests and mountains, 
can be considered to mimic mountain wild ginseng. 
Wild mountain ginseng is considered superior to 
regular cultivated ginseng and contains higher levels 
of certain ginsenosides [8], although minimal differ-
ences in total ginsenoside content between wild and 
cultivated ginsengs have been reported by some stud-
ies. Ginsenoside levels are consistently lower for the 
more intensively cultivated crops, but growth was 
consistently higher [9]. In both Korea and China, 
wild ginseng is widely assumed to be more effec-
tive than cultivated ginseng in chemoprevention. 
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However, little has been reported on the differences 
between wild ginseng and cultivated ginseng.
Nitrate is an important plant nutrient and acts 
as a signal for plant growth; however, its soil levels 
can vary by three to four orders of magnitude [10]. 
Nitrate is the primary nitrogen source available in 
soil, and can act directly to regulate both shoot-root 
allocation and modify the root system architecture 
[11]. Consequently, plants have evolved regulated, 
energy-dependent systems for nitrogen uptake using 
both high-affinity and low-affinity transporters [12]. 
Genes that encode representatives of each type of 
transporter have been identified and fall into two 
families: NRT1 (nitrate transporter 1) and NRT2 (ni-
trate transporter 2) [13]. These genes are induced in 
response to nitrate in the environment and are reg-
ulated by internal signals including nitrogen metab-
olites and shoot demand for nitrogen. The evidence 
to date indicates that NRT2 transporters contribute 
specifically to the nitrate-inducible, high-affinity 
nitrate uptake system, whereas NRT1 transporters 
contribute more broadly to nitrogen uptake and show 
both inducible and constitutive expression [14].
In this study, we identified and analyzed genes 
that are differentially expressed between regular 
cultivated ginseng and mountain cultivated and wild 
ginseng. Three mountain cultivated ginseng-specific 
genes were cloned, and their expression was ana-
lyzed by real-time reverse-transcription polymerase 
chain reaction (RT-PCR).
2. Materials and Methods
2.1. Ginseng specimens used for analysis
The cultivated ginseng (CG) roots used in this ex-
periment were 5 years old (Figure 1A). Mountain 
cultivated ginseng (MCG) roots were 10 years old 
(seeded in 1999), and the plants were grown at 
ChonBangNongSan in Choongnam, Korea (Figure 1B). 
The mountain wild ginseng (MWG) roots were col-
lected on Changbai Mountain in July 2007. They 
were approximately 20−40 cm long, 10−20 g (dried 
weight), and about 20−50 years old (Figure 1C).
2.2. RNA isolation and purification
The ginseng was ground in liquid nitrogen using 
a mortar and pestle, and RNA was isolated using 
an RNeasy Plant RNA Isolation kit (Qiagen GmbH, 
Hilden, Germany). RNA concentration was estimated 
by measuring its absorbance at 260 nm. The RNA was 
treated with DNase I (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instructions before 
cDNA synthesis with Superscript III reverse tran-
scriptase (Invitrogen) and random hexamers.
2.3. Suppressive subtractive hybridization
Suppressive subtractive hybridization (SSH) was per-
formed to isolate differentially expressed genes 
using the Clontech PCR-Select cDNA Subtraction Kit 
(Clontech Laboratories, San Francisco, CA, USA) 
according to the manufacturer’s protocol. SSH con-
sists of six steps: cDNA synthesis, restriction enzyme 
digestion, adaptor ligation, two rounds of hybridi-
zation, and PCR. The cDNA fragments, derived from 
the SSH forward subtractive library (tester: mountain 
cultivated ginseng; driver: cultivated ginseng), were 
cloned into the pEC-T vector (KOMA Co., Seoul, 
Korea). Clones containing inserted fragments were 
identified using the colony PCR method (Table 1).
2.4. Semi-quantitative RT-PCR
Semi-quantitative RT-PCR was performed to deter-
mine the differential expression of genes in the SSH 
library; β-actin was used as a control. The gene-
specific primers for RT-PCR are listed in Table 1. 
Total RNA (2 μg) was reverse transcribed with the 
First Strand cDNA Synthesis Kit (Invitrogen), and 
1.0 μL cDNA was used as a template for PCR. PCR 
amplification was performed under the following 
conditions: 95ºC for 5 minutes, followed by 30 cy-
cles of 95ºC for 45 seconds, 54ºC for 30 seconds, 
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Figure 1 (A) Cultivated ginseng, (B) mountain cultivated ginseng, and (C) mountain wild ginseng were analyzed for 
differential gene expression.
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and 72ºC for 60 seconds. The final extension step 
was carried out at 72ºC for 5 minutes. The number 
of cycles was determined using the results obtained 
by amplifying β-actin with different cycle parame-
ters. PCR products were separated by 2% agarose 
gel electrophoresis.
2.5. Real-time RT-PCR
Real-time RT-PCR was performed in an iCycler ma-
chine using iQ SYBR green Supermix (Bio-Rad, 
Hercules, CA, USA). In each well of the 96-well plate, 
the 20-μL reaction contained 10 μL 2 × iQ SYBR green 
Supermix, forward and reverse primers (0.5 μM each), 
2.75 μL DNase-free water, and 2 μL cDNA. PCR am-
plification was carried out at 8 min at 95ºC, followed 
by 40 cycles of 45 seconds at 95ºC, 45 seconds at 
56ºC, and 45 seconds at 72ºC. The specificity of the 
reaction was verified by melting curve analysis: 
PCR products were subjected to gradually temper-
atures (60−95ºC in 0.5ºC steps). Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used to 
normalize the expression of target genes. The prim-
ers shown in Table 1 were used to analyze pNRT2 
gene expression.
2.6. Sequencing and homology analysis
PCR products were cloned into the pEC-T vector 
(KOMA Co., Ltd.) and then sequenced using ABI 3700 
DNA sequencers (Perkin−Elmer Applied Biosystems, 
Waltham, MA, USA) and Chromas sequence analysis 
software. BLASTn was used to compare nucleotide 
sequences.
3. Results
3.1.  Isolation of differentially expressed 
genes in wild ginseng
To identify wild ginseng-specific genes, MWG cDNAs 
were subtracted from a pool of cultivated ginseng 
cDNAs (Figure 2). The subtraction was expected to 
significantly reduce common cDNAs and enrich 
MWG-specific cDNAs. More than 100 transformants 
were obtained from the library, and recombinants 
were detected using colony PCR with an efficiency of 
about 90%. One hundred positive clones, confirmed 
by PCR, were randomly selected, from which 16 sig-
nificantly different clones were sequenced. Since 
the SSH procedure includes a restriction enzyme di-
gestion of cDNAs, none of the clones contained full-
length genes. Among the novel cDNAs identified 
as putative mountain wild ginseng (MWG)-specific 
genes was a putative homolog of NRT2, a plasma 
membrane-localized high-affinity nitrate trans-
porter, designated as pNRT2 (Figure 3). Searches of 
the National Center for Biotechnology Information 
database revealed 70% homology with NRT2 se-
quences reported for other plant species (Figure 4).
3.2. Semi-quantitative RT-PCR analysis
We used semi-quantitative RT-PCR analysis to con-
firm differential expression of the pNRT2 gene. 
Total RNA from the five CGs, four MCGs, and three 
MWGs were used analyzed.
The pNRT2 gene-specific primers were designed 
to amplify a cDNA fragment of approximately 200 
base pairs. The PCR cycle numbers were optimized 
to ensure that the comparison of pNRT2 expression 
was within the linear phase of amplification. Fur-
thermore, to ensure that an equal amount of RNA 
was used for each RT-PCR reaction, we used Panax 
ginseng GAPDH as an internal control.
The abundance of the PCR product was de-
termined by densitometric scanning of ethidium 
bromide-stained agarose gels, and the cDNA frag-
ment corresponding to the amplified gene was com-
pared between the ginseng specimens. The intensity 
of the PCR products for each of the target gene 
primer pairs was normalized against the intensity 
of GAPDH PCR product.
The pNRT2 gene was upregulated in the MWGs 
compared with the CGs (Figure 5). However, the 
mRNA levels of the pNRT2 gene were similar be-
tween MCGs and MWGs.
Table 1 Real-time polymerase chain reaction primers
Gene Accession no. Primer sequence Product size (bp)
GAPDH AY345228 F: ATG GAC CAT CAG CCA AAG AC 435
  R: CAGATGCCATGTGAACAACC
pNTR2 NM_004655 F: CGC TCT GAT CGG CTA TTC TC 236
  R: GGC TCA AGA TTC TCC ACT GC
Maspin NM_002639 F: AGACATTCTCGCTTCCCTGA 516
  R: CACATGACCAGATGGGACAG
R
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3.3. Real-time RT-PCR analysis
We used real-time RT-PCR to verify that the pNRT2 
gene was differentially expressed between the CGs 
and MWGs. Results showed that the relative transcrip-
tion levels of pNRT2 were higher in MWGs, whereas 
the levels of pNRT2 transcripts in CGs were nearly 
undetectable. The levels of pNRT2 transcripts were 
similar between MCWG and MWG (Figure 6). Taken 
together, these results suggest that the pNRT2 gene 
shows high levels of differential expression in MWGs.
4. Discussion
P. ginseng is categorized as either cultivated or wild 
according to the nurturing methods. Cultivated gin-
seng is systematically farmed on open land and har-
vested after 5−6 years. On the other hand, wild 
ginseng grows on a mountain. Wild ginseng grows 
more slowly and is more sensitive to environmental 
changes than cultivated ginseng, and prefers areas 
with fluctuating daily temperatures and less expo-
sure to direct sunlight. These differences may ac-
count for the variation in concentrations of active 
compounds between the cultivated and wild plant. 
In both Korea and China, wild ginseng is thought to 
exert more potent effects than cultivated ginseng. 
TCTGCATTAC
AACACCGAGG
TATTCTCGGC
CTGTTTTTCG
TCTTCCGAGT
TGCTGCCCCA
AGTTAAAGCC
GTTGCAGTGG
GCGTCAAACC
ACATGGCTTG
CAATCATCCT
AAACTTGAGA
TCCTCAGTCC
GTTCTTCATT
TTGTGGAAAG
ACAGCCATGA
AGAATCTTGA
GCCACCAAAG
GGGTGGCATA
CTTGCCACGC
CTTCCATTGT
ACTCGGATCC
TTTCGAAGCT
TCCACTAGTG
CTCCCATCCA
GCCCGTAAAG
TTC
GATGTTCCAT
CGGTGGCGTT
TCTGATCGGC
GTAAACCCTT
ATAGTAGTGT
GGGAAAAACA
CCACAGGAAG
GGTGAGACCT
AAGATCAACT
pNRT2
1 40
Figure 3 DNA sequence of the putative P. ginseng NRT2 
gene (pNRT2).
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However, few studies have compared the constitu-
ents and pharmacological activities of wild and 
cultivated ginseng.
Nitrate is an important nitrogen source for organ-
isms ranging from bacteria and cyanobacteria to 
fungi and plants, and it is the nutrient that most 
frequently limits their growth [13,15]. Nitrate car-
riers for transport across the plasma membrane 
must be present in many different cell types. The 
nitrate transporters are of fundamental importance 
to plants because the nitrogen supply is the main 
factor limiting growth.
To identify genes preferentially expressed by wild 
ginseng, cDNAs expressed in wild plants were sub-
tracted from those isolated from cultivated plants 
using the SSH technique [16]. We isolated a novel 
gene, pNRT2 (P. ginseng high-affinity nitrate trans-
porter 2). Sequence analysis revealed that pNRT2 
possessed 70% homology to NRT2 sequences re-
ported for other plant species, and was specifically 
expressed in wild plants.
Nitrate is an important nitrogen source for growth 
and that its soil levels vary in wild environments; 
therefore, it is not surprising that pNRT2 mRNA is 
upregulated in wild ginseng. We believe that pNRT2 
may an important marker of wild ginseng.
GAAATTTTGGGTCCGGATTGACACAACTAGTATTCTTTTCGAGCTCAAGTTTGTCCACAGCTGCAGGTCTATCCTGGATGG
GGAACTTCGGGTCCGGGCTGACCCAACTAGTGTTCTTCTCAAGCTCAGCATTCTCAACTGCGACAGGGTTGTCTCTGATGG
GAAACTTTGGAAGTGGTTTAACACAACTAGTATTCTTCTCAACAACAAAATACTCAACTGACACAGGATTGTTTTTGATGG
GGAACTTTGGTGGCGGTTTGACGCAGTTGATCTTCTTTACGGGCTCAAGATTCTCCACTGCAACAGGTCTCACCTGGATGG
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Figure 4 DNA sequence alignment of pNRT2 with known NRT2 sequences of other species. Identical regions are 
shown in green.
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Figure 5 Semi-quantitative reverse-transcription poly-
merase chain reaction analysis of pNRT2 expression. Total 
RNA (2.0 μg) from five cultivated ginsengs (CGs), four 
mountain cultivated ginsengs (MCGs), and three mountain 
wild ginsengs (MWGs) were analyzed using the primers 
shown in Table 1. β-actin was used as a control, and PCR 
amplification consisted of 28 cycles.
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Figure 6 Real-time reverse-transcription polymerase 
chain reaction analysis of pNRT2 expression. Total RNA 
extracted from the ginseng specimens (2 μg) was reverse 
transcribed in a 40-μL reaction, and 1 μL cDNA was ana-
lyzed by real-time PCR (20-μL reaction with 0.4 mM each 
primer). The relative expression of the pNRT2 gene of 
four mountain cultivated ginsengs (MCGs) and three moun-
tain wild ginsengs (MWGs) are compared with that of five 
cultivated ginsengs (CGs). GAPDH was used as an inter-
nal control.
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